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Tetra-// 2 -acetato-diaquabis(// 2 -2- 
{[1,3-dihydroxy-2-(oxidomethyl)- 
propan-2-yl]iminomethyl}phenolato)- 
trimanganese(l 1, 1 1 1) acetonitrile 
disolvate dihydrate 



Experimental 

Crystal data 

[Mn 3 (Ci 1 H 13 N0 4 ) 2 (C 2 H 3 0 2 ) 4 - 

(H 2 0) 2 ]-2C 2 H 3 N-2H 2 0 
M r = 1001.62 
Monoclinic, Pl^/c 
a = 10.6032 (5) A 
b = 12.2114 (6) A 
c = 19.1608 (9) A 

Data collection 

Bruker APEXII CCD 

diffractometer 
53356 measured reflections 



P = 118.856 (3)° 
V = 2172.89 (18) A 3 
Z = 2 

Mo Ka radiation 
li = 0.94 mm -1 
T = 293 K 

0.20 x 0.20 x 0.20 mm 



5507 independent reflections 
3798 reflections with / > 2cr(7) 
R,„. = 0.086 
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Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.006 A; 
R factor = 0.047; wR factor = 0.133; data-to-parameter ratio = 18.7. 



In the title complex, [M^'Mn'^CiiHisNO^CHjCOzV 
(H 2 0) 2 ]-2CH 3 CN-2H 2 0, there are two Mn m and one Mn" 
atoms. The Mn 11 atom lies on an inversion center and the 
Mn m — Mn 11 — Mn 111 angle is therefore 180°, as required by 
crystallographic symmetry. The Mn 111 and Mn 11 atoms are six- 
coordinated in a distorted octahedral geometry. In the crystal, 
complex molecules and solvent molecules are linked into a 
three-dimensional network by O— H- ■ O and O— H- ■ N 
hydrogen-bonding interactions. 



Related literature 

For the importance of Mn complexes in magnetism and 
biomimetics, see: Stamatatos & Christou (2009); Ferreira et at 
(2004). For properties and structures of related compounds, 
see: Kessissoglou et at (1992); Liu et at (2010). 
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Refinement 

R[F 2 > 2a(F 2 )] = 0.047 

wR(F 2 ) = 0.133 

S = 1.07 

5507 reflections 

294 parameters 

7 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.72 e A~ 3 

Ap mi „ = -0.61 e A~ 3 



D-H-A 


D — H 


H- ■ A 


D-A 


D-H-A 


09-H9/t- ■ O10' 


0.85 (1) 


1.97 (1) 


2.806 (4) 


167 (3) 


09-H9B- ■ 08" 


0.85 (1) 


2.23 (3) 


3.008 (3) 


153 (5) 


09-H9B- ■ Ol" 


0.85 (1) 


2.61 (3) 


3.322 (3) 


142 (5) 


O10-H10C- ■ 05' 


' 0.85 (1) 


2.06 (1) 


2.907 (4) 


176 (5) 


O10-H10D- ■ N2' 


0.85 (1) 


2.07 (1) 


2.914 (6) 


174 (6) 


02-H2- ■ 03 v 


0.82 


2.55 


3.362 (5) 


172 


03-H3-06 vi 


0.82 


2.00 


2.777 (3) 


159 


Symmetry codes: (i 


x,y + l,z; (ii) - 


-X, —y + 2,—z- 


1-2; (iii) -x + 1, 


-y + l,-z + 2; 


(iv) x, — y + §, z + 1; 


(v) — x, y — |, — z 


+ 1; (vi) -x, y -i 


-i-z+l. 





2H 2 0 



Data collection: APEX2 (Bruker, 1996); cell refinement: SAINT 
(Bruker, 1996); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This work was supported by the Second Young-Aged 
Backbone Teachers Foundation of Anyang Institute of Tech- 
nology. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: PV2425). 



References 

Bruker (1996). APEX2 and SAINT. Bruker AXS Inc., Madison, Wisconsin, 
USA. 

Ferreira, K. N., Iverson, T. M, Maghlaoui, K., Barber, J. & Iwata, S. (2004). 

Science, 303, 1831-1838. 
Kessissoglou, D. P., Kirk, M. L., Lah, M. S., Li, X., Raptopoulou, C, Hatfield, 

W. E. & Pecoraro, V. L. (1992). Inorg. Chem. 31, 5424-5432. 
Liu, D., Zhou, Q., Chen, Y., Yang, E, Yu, Y, Shi, Z. & Feng, S. (2010). Dalton 

Trans. 39, 5504-5508. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 
Stamatatos, T. C. & Christou, G. (2009). Inorg. Chem. pp. 3308-3322. 



m1098 Guo et a/. 



doi:10.1 107/S1 60053681 1027899 



Acta Cryst. (2011). E67, m1098 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, ml098 [ doi:10.1107/S1600536811027899 ] 

Tetra-/ i 2 -a cetato-diaquabis(/'2-2-{[l,3-dihydroxy-2-(oxidomethyl)propaii-2- 
yl]iminomethyl}phenolato)trimanganese(II,III) acetonitrile disolvate dihydrate 

Y. Guo, J. Huang, Y. Huang, J. Wang and Y. Yu 
Comment 

The fascination of inorganic chemists with Mn coordination chemistry over the last two decades or so has been primarily 
driven by the relevance of Mn-complexes to magnetic and biomimetic fields (Stamatatos & Christou, 2009; Ferreira et 
a/,2004). As a contribution to these fields, we report here the synthesis and crystal structure of the title compound. 

In the title complex (Fig. 1), the Mn 1 " and Mn 11 atoms are six-coordinated in a distorted octahedral geometry and the 

two Mn ln are in the same coordination environment. The Mn(II) lies on an inversion center, therefore, the angle Mn(III)- 
Mn(II) — Mn(III) is 180° as required by crystallographic symmetry. The bond lengths and bond angles in the title complex 
are comparable with those observed in the related complexes (Kessissoglou et ah , 1 992). In the crystal structure, the complex 
molecules and the solvent molecules are linked through intermolecular O — H--0 and O — H - N hydrogen bonds (Table 1) 
into a three-dimensional network. 

Experimental 

To a stirred acetonitrile (20 ml) solution of H 2 SALATHM (1 mmol, 225 mg) was added Mn(OAc) 2 .4H 2 0 (1 mmol, 245 
mg). The resulting dark-red solution was stirred for 1 h and the fdtrate was allowed to stand at room temperature for about 
three days, whereupon dark block crystal suitable for X-ray diffraction analysis was obtained. 

Refinement 

H atoms were placed at calculated positions with O-H = 0.82 A (hydroxyl), and C — H = 0.93 A (aryl), 0.97 (methylene) 
and 0.96 A (methyl) and were refined in the riding-model approximation with U[ so = 1.2-1.5 times U e q of the parent atoms. 
The H-atoms of water of solvation were located from a difference map and were included at distances 0.85 (1) using DFIX 
commands and were allowed U lso =1.5 times (7 e q(0). 

Figures 



Fig. 1. The molecular structure of the title compound, with atom labels and 30% probability 
displacement ellipsoids. 
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Tetra-|j2-acetato-diaquabis(|j2-2-{[1,3-dihydroxy-2- (oxidomethyl)propan-2- 
yl]iminomethyl}phenolato)trimanganese(ll,lll) acetonitrile disolvate dihydrate 



Crystal data 

[Mn 3 (Ci 1 H 1 3N04)2(C 2 H 3 0 2 )4(H 2 0) 2 ]-: 

M r = 1001.62 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a= 10.6032 (5) A 

b= 12.2114 (6) A 

c = 19.1608 (9) A 

13= 118.856 (3)° 

V= 2172.89 (18) A 3 
1=2 



■2H 2 OF(000) = 1038 

D x = 1.531 MgnT 3 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 9948 reflections 
9 = 2.4-28.4° 

H = 0.94 mnT 1 

7=293 K 

Block, black 

0.20 x 0.20 x 0.20 mm 



Data collection 



Bruker APEXII CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

53356 measured reflections 

5507 independent reflections 



3798 reflections with / > 2o(I) 
R int = 0.086 



Qmax - 28.6°, 0„ 

/i = -14^14 
yt = -16^16 
/= -25^25 



= 2.1 C 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.047 

wR(F 2 ) = 0.133 

S= 1.07 

5507 reflections 
294 parameters 
7 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = 1/[g 2 (Fo 2 ) + (0.0525.P) 2 + 2.7933P] 
where P = (F 0 2 + 2F c 2 )/3 
(A/o) max = 0.024 

Apmax = 0.72 e A~ 3 
Ap min = -0.61 eA~ 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z Ui S0 */U eq 

CI -0.1569 (3) 0.8511 (2) 0.84008 (18) 0.0317 (6) 

C2 -0.2687 (4) 0.8090(3) 0.8512 (2) 0.0419(8) 
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07 0.4363 (2) 0.9780 (2) 1.08976 (14) 0.0480 (6) 

08 0.2062 (2) 0.92758 (18) 1.03081 (12) 0.0358 (5) 

09 0.0281 (3) 1.10148 (19) 0.92495 (16) 0.0451 (6) 

010 0.2353 (3) 0.2668 (3) 0.9640 (2) 0.0640(8) 
Mnl 0.13180 (4) 0.94343 (3) 0.91490 (2) 0.02691 (13) 
Mn2 0.5000 1.0000 1.0000 0.02878 (16) 



Atomic displacement parameters (A ) 
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A A A C /"O 1 * 

0.045 (2) 


A A/1A 

0.040 (2) 


a nn /c\ 

0.139 (5) 


A AAA A /1 1\ 

0.0000 (17) 


0.026 (3) 


A AT A /T \ 
0.030 (3) 


C15 


A AT T 1 / 1 C"\ 

0.0321 (Id) 


A AT O 1 / 1 /I ^ 

0.0281 (14) 


A AT 1 T / 1 C"\ 

0.0313 (Id) 


A A A /IT /I 

0.0043 (12) 


A A 1 T A / 1 T^ 

0.0130 (12) 


A AAT T / 1 T\ 

-0.0022 (12) 


C16 


A A /I /I C / 1 A\ 

0.0445 (ly) 


A A A *7 1 / 1 A\ 

0.04/1 (ly) 


A AT /I O / 1 o^ 

0.0348 (18) 


A A A C C ( 1 C\ 

0.0055 (15) 


A A 1 AO ( 1 C\ 

0.0148 (15) 


A AAT O /"1 A\ 

0.0028 (14) 


C17 


A 1 AT //I ^ 

0.102 (4) 


A A AC\ /T\ 

0.049 (2) 


A A/CA /T ^ 

0.069 (3) 


A AA/C /T\ 

-0.006 (2) 


A A /I 1 /T ^ 

0.047 (3) 


A AA A /T\ 

-0.004 (2) 


C18 


0.074 (3) 


0.047 (2) 


0.087 (3) 


r\ r\r\ 1 /"^\ 

0.00 l (2) 


0.027 (3) 


O.Oll (2) 


Nl 


0.0262 (12) 


0.0323 (13) 


0.0284 (12) 


-0.0012 (10) 


0.0110(10) 


0.0024 (10) 


N2 


0.124 (5) 


0.065 (3) 


0.225 (8) 


-0.02 1 (3) 


0.065 (5) 


0.03 l (4) 


Ol 


0.0247 (10) 


0.0422 (12) 


0.0327 (11) 


-0.0046 (9) 


0.0080 (9) 


0.0057 (9) 


02 


0.101 (3) 


0.072 (2) 


0.068 (2) 


-0.0063 (19) 


0.047 (2) 


-0.0187(17) 


03 


0.0442 (14) 


0.0612(17) 


0.0493 (15) 


0.0126(12) 


0.0099 (12) 


0.0258 (13) 


04 


0.0218(9) 


0.0311 (10) 


0.0286 (10) 


0.0003 (8) 


0.0078 (8) 


0.0061 (8) 


05 


0.0310(11) 


0.0290 (11) 


0.0633 (16) 


-0.0016(9) 


0.0096(11) 


-0.0065 (11) 


06 


0.0285 (10) 


0.0283 (10) 


0.0440 (13) 


-0.0011 (8) 


0.0120 (9) 


-0.0063 (9) 


07 


0.0313 (12) 


0.0740 (17) 


0.0372 (13) 


-0.0035 (12) 


0.0152 (10) 


-0.0003 (12) 


08 


0.0306 (11) 


0.0434 (12) 


0.0291 (11) 


-0.0049 (9) 


0.0109(9) 


-0.0004 (9) 


09 


0.0436 (14) 


0.0384 (13) 


0.0596 (16) 


0.0039 (10) 


0.0299 (12) 


-0.0016(11) 


O10 


0.0495 (16) 


0.0581 (18) 


0.081 (2) 


0.0004(13) 


0.0286 (16) 


-0.0148 (15) 


Mnl 


0.0215 (2) 


0.0281 (2) 


0.0258 (2) 


-0.00170 (16) 


0.00718 (17) 


0.00117 (17) 


Mn2 


0.0204 (3) 


0.0280 (3) 


0.0314(3) 


-0.0005 (2) 


0.0073 (2) 


-0.0008 (2) 



Geometric parameters (A, °) 

CI— Ol 
CI— C2 
CI— C6 
C2— C3 
C2— H2A 



1.319(3) 
1.400(4) 
1.411 (4) 
1.378 (5) 
0.9300 



C14— H14B 
C14— H14C 
CI 5— 07 
CI 5— 08 
C15— C16 



0.9600 
0.9600 
1.234 (4) 
1.276 (3) 
1.498(4) 
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f^l f^A 

C3 — C4 


1 i ni //CA 
l.iyi (0) 


P 1 /C T_T 1 A 

ClO — HI OA 


u.youu 


C3 — H3A 


u.y3uu 


pi/: tt i /:tj> 

C 1 0 — rl 1 0r> 


u.youu 


C4 — C3 


1.303 (3 ) 


pi/: tt i <;p 

CIO — hi IOC 


p. Q/ZpiPi 

u.youu 


p/i 1 1 i 
C4 — 114 


n mnn 


pn pio 
C 1 / — C 1 o 


1 A 1 O f£\ 

1.415 (0) 


PC p/~ 

C3 — Co 


1 /I 1 A (A \ 

1.41U (4) 


PH TT 1 "70 

CI / — HI /r> 


u.youu 


PC TJf 

C3 — 113 


n nmn 


p 1 -7 TJ 1 *7 A 

C 1 / — rl 1 /A 


n n/;nri 

u.youu 


P/" p-7 

Co — C / 


1 A1A(A\ 

1.434 (4) 


p 1 -7 TJ 1 TP 

CI / — HI /C 


u.youu 


C/ — JN 1 


1 TQ7 /'/IN 

1.Z5 / (4 J 


P 1 Q XT'") 

Clo — JNZ 


1 1 1 Q 
1.113 (0J 


I I "7 

C/ — H/ 


u.yiuu 


JN 1 — Mill 


Z.UU4 (Z) 


cy — JN 1 


1.484 (4) 


Ul — Mill 


l.ooZ (Z) 


PO no 

cy — ciz 


1.3ZU (4) 


PP TJO 

<JZ — HZ 


n oonn 
U.oZUU 


pn pin 

cy — ciu 


1 CTC ('/IN 

1.3Z3 (4) 


(J3 — 113 


U.5ZUU 


pn n i 

cy — c 1 1 


1.333 (3) 


Pl A » J„ 1 

U4 — Mn 1 


i.o /zy (iy) 


pin r\i 

CIU — U3 


1.4ZU (3) 


C\A A^„7 

<J4 — MnZ 


Z.13y3 (lo) 


pin TT 1 Pi A 

CIU — H1UA 


p. Q7PiPi 

u.y /uu 


P.C Afnl 

<J3 — MnZ 


Z.ZZ3 (Z ) 


pin TT 1 pi TO 

CIU — HlUB 


u.y /UU 


Oo — Mnl 


^ ^ A A 

Z.Z44 (Z) 


pi 1 p.-> 

CI 1 — OZ 


1.41o (3) 


if„o 

O / — MnZ 


o 'S An /">\ 
Z.14/ (Z) 


pi 1 TJI 1 A 
V- 1 1 1 1 1 Irt 


0, 070,0, 


OS TvTn 1 


1.7/3 ^Z ) 


CI 1— HUB 


0.9700 


09— Mnl 


2.275 (2) 


CI 2— 04 


1.429 (3) 


09— H9A 


0.851 (10) 


C12— H12A 


0.9700 


09— H9B 


0.851 (10) 


C12— H12B 


0.9700 


O10— H10C 


0.851 (10) 


C13— 05 


1.241 (4) 


O10— H10D 


0.849 (10) 


C13— 06 


1.258 (4) 


Mn2— 04' 


2.1395 (18) 


C13— C14 


1.505 (5) 


Mn2— 07' 


2.147 (2) 


C14— H14A 


0.9600 


Mn2 — 05' 


2.223 (2) 


p. 1 p 1 po 
Ul — CI — Cz 


1 i o A (1\ 

115.4 (3) 


H 1 OA — C 1 o — tl I ohs 


1 An £ 
lUV.D 


p. 1 p 1 p/: 
Ul — CI — Co 


Y15A (3) 


C 1 D — C 1 o — H 1 oC 


1 AA £ 

juy.D 


p^ pi p/: 
Cz CI — Co 


llo.Z (3) 


H 1 OA — C 1 0 — H 1 oC 


1 AA £ 

luy.D 


pi p^ pi 
C3 — Cz — C 1 


1ZU. / (3) 


H 1 ohs — C 1 o — tl I oC 


1 AA £ 

juy.D 


pi pi tn a 
C3 — Cz — HzA 


i i n t 

ny. / 


C18 — CI / — HI ID 


1 AA £ 

luy.D 


p 1 po tn a 
C 1 — Cz — Hz A 


i i n t 

ny. / 


pio pn rjnA 
C 1 8 — C 1 / — H 1 / A 


1 AA £ 

juy.D 


pi pi p^i 
Cz — C3 — C4 


1Z1.1 (3) 


r r i 7TJ P 1 "7 U 1 "7 A 

H 1 ID — C 1 / — H 1 /A 


1 AA £ 

luy.D 


p^ pi tn a 
Cz — C3 — H3A 


1 1 n a 

i iy.4 


pin PIT unP 

CIS — CI / — HI /C 


1 AA £ 

juy.D 


f^A pi Ul A 

C4 — C3 — Hi A 


1 1 n a 

i iy.4 


Ul TD pn TJI IP 

HI ID — CI / — HI /C 


1 AA £ 

juy.D 


pc p/i pi 
CD — C4 — C3 


liy.3 (3) 


TT 1 T * p 1 -7 TJ1 "7P 

HI /A — CI / — HI /C 


1 AA £ 

luy.D 


PC A \J A 

CD — C4 H4 


1ZU.4 


\T1 pi n pn 

JNz — C18 — CI / 


1 to 1 n\ 
1 /6.1 (/) 


pi p/i ua 
C3 — C4 H4 


1 on a 
1ZU.4 


p~7 \ti pn 
C/ — JN 1 — C9 


1 1A C /1\ 

IzU.D (3) 


p^i pc p/: 
C4 — CD — Co 


IZU.y (3) 


P"7 Ml A K „ 1 

C / — JN J — MnJ 


lzo.1 (z) 


C^A r*z. T-TC 
C4 — CD — HD 


i iy.o 


Cy — JN 1 — Mnl 


113.3 / (15) 


P£ PC TJC 

Co — CD — HD 


1 1 n ^ 

i iy.o 


P 1 P. 1 A A,-, 1 

CI — Ul — Mnl 


11 A AA i 1 A\ 

izy.yu (iy) 


pc p/: pi 
CD — Co — C 1 


ny.o (3) 


p 1 1 P.T m 
C 1 1 — Uz — Hz 


1 AA ^ 

luy.D 


PC P/C /' ' —j 

CD — Co — C7 


117.3 (3) 


P 1 A PI XT'} 

CIO — U3 — H3 


1 AA C 

ioy.5 


CI— C6— C7 


122.8 (3) 


CI 2— 04— Mnl 


113.83 (16) 


Nl— C7— C6 


125.4 (3) 


CI 2— 04— Mn2 


122.99 (17) 


Nl— C7— H7 


117.3 


Mnl— 04— Mn2 


121.17(9) 


C6— C7— H7 


117.3 


CI 3— 05— Mn2 


133.8 (2) 


Nl— C9— C12 


103.9 (2) 


CI 3— 06— Mnl 


133.38(19) 
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JN 1 — — C1U 


11.5.5 (i) 


nn pn ni a 

C 1 Z — Cv — C 1 U 


11U.6 (i) 


xt i pn n 1 

jn i — cy — en 


1 AO A 11 \ 

1U6.U (i) 


ci z — cy — en 


1 A A O 
lUy.6 (3) 


ciu — cy — en 


1 1 A H S1\ 

ill). / (i) 


U3 — c i u — cy 


1 A A C f1\ 

iuy.5 (3) 


U3 — C 1 U — rl 1 UA 


1 AO Q 


t~^c\ pin HI AA 

cy — C 1 U — hi 1 UA 


1 AA O 


pin 1 1 1 no 
Oi — C 1 U — rl 1 Ur> 


1 AA O 

luy.s 


pn pin xt 1 no 

Cy — C 1 U — H 1 Ur> 


1 AA O 

luy.s 


t t 1 n a pin iiinn 

H1UA — CIU — HlUb 


1 AO 1 

108.2 


po pi i p n 

oz — en — cy 


11/1 A /"3\ 

114. U (i) 


po pi i t_t 1 i a 
Oz — Cll — H11A 


1 AO O 


pn pi i it i i a 
Cy — Cll — HI 1A 


1 AO O 


p.") p 1 1 in 1 n 

Oz — CI 1 — HI IB 


1 AO O 


CQ r 1 1 1 T-4 1 1 R 

v^y — c 1 1 — 1 1 1 1 d 


lUo.o 


H11A — Cll — HUB 


107.6 


04— CI 2— C9 


109.7 (2) 


04— CI 2— H12A 


109.7 


C9— CI 2— H12A 


109.7 


04— CI 2— H12B 


109.7 


C9— CI 2— H12B 


109.7 


H12A— CI 2— H12B 


108.2 


05— CI 3— 06 


125.6 (3) 


05— CI 3— C14 


117.5 (3) 


06— CI 3— C14 


117.0 (3) 


C13— C14— H14A 


109.5 


C13— C14— H14B 


109.5 


H14A— C14— H14B 


109.5 


C13— C14— H14C 


109.5 


H14A— C14— H14C 


109.5 


H14B— CI 4— H14C 


109.5 


07— CI 5— 08 


124.7 (3) 


07— CI 5— CI 6 


119.5 (3) 


08— CI 5— C16 


115.7(3) 


C15— C16— H16A 


109.5 


C15 — C16 — H16B 


109.5 


U 1 — U 1 — U2 — C 5 


1 /o.o (J J 


f^c r^i r^T r^i 
Co — C 1 — U2 — 


-1.2 (5) 


r^i r^i r^i r^^i 
U 1 — U2 — C 5 — (_4 


1 n (£\ 

1.9 (6) 


(JZ — C3 — C4 — C 5 


1 1 {H\ 

-1.1 (7) 


C3— C4— C5— C6 


-0.4 (6) 


C4 — C5 — C6 — C 1 


1.0 (5) 


C4— C5— C6— C7 


-175.3 (4) 


Ol— CI— C6— C5 


180.0 (3) 


C2— CI— C6— C5 


-0.2 (5) 



pi f Pi "7 Ai„1 

CI j — O / — Mnz 


lio.l {I) 


pi f PiQ A A,-. 1 

CI j — Uo — Mnl 


lii.y (Z) 


a /[,-. 1 pn i in a 

Mn i — <jy — riy A 


1 1 o {1} 


AA^I P,n UflD 

Mn 1 — oy — rlv r> 


1 1 / 1\ 
116(3) 


i in a p.n i miD 

hiyA — oy — nyt> 


iuy (z) 


1 1 1 n/" 1 pin 1 1 1 nn 
rl 1 UC — O 1 U — rl 1 UD 


1 1 A 

1 1U {3) 


P /I A 1 pi 1 

04 — Mnl — Ol 


1 /3.4!) (y) 


r\A PiO 

04 — Mnl — Uo 


1 f\r\ fa\ 
1UU.Z 1 \y) 


P 1 A 1 PO 

<J1 — Mnl — Uo 


or 1 1 /n\ 

oo.ll (y) 


P/1 A .( 1 XT 1 

04 — Mnl — JN 1 


Q"i i"i 
oz. 11 (y) 


P 1 A ,\ 1 XT 1 

<J1 — Mnl — JN 1 


nn qa few 

yu.o4 (y) 


PC) A 1 XT 1 

Uo — Mnl — JN 1 


1 H& T] ( 1 n\ 
1 /O.Zi (1U) 


r\A w /i 1 pz 
04 — Mnl — Uo 


m n /oa 
yz.33 (o) 


( \ 1 a i p/i 

Ol — Mnl — Uo 


on 't a /n\ 
oy.Z4 [y) 


po IV ,1—1 p/^ 

Uo — Mnl — Oo 


QQ Q7 /'Q\ 

oo.y/ (yj 


M 1 TV/Tn 1 f 

in i — ivrii i — \jo 


Q1 11 fQ\ 


04— Mnl— 09 


88.58 (9) 


Ol— Mnl— 09 


90.39 (9) 


08— Mnl— 09 


86.27 (9) 


Nl— Mnl— 09 


91.54 (10) 


06— Mnl— 09 


175.23 (9) 


04'— Mn2— 04 


180.000 (1) 


04'— Mn2— 07' 


89.03 (8) 


04— Mn2— 07' 


90.98 (8) 


04'— Mn2— 07 


90.97 (8) 


04— Mn2— 07 


89.02 (8) 


07'— Mn2— 07 


180.000 (1) 


04'— Mn2— 05 


88.78 (8) 


04— Mn2— 05 


91.22 (8) 


07'— Mn2— 05 


90.48 (10) 


07— Mn2— 05 


89.52 (10) 


04'— Mn2— 05' 


91.22 (8) 


04— Mn2— 05' 


88.78 (8) 


07'— Mn2— 05' 


89.52 (10) 


07— Mn2— 05' 


90.48 (10) 


05 — Mn2 — 05' 


180.000 (1) 


Mnz — U4 — Mn 1 — Uo 


J 1 .Do (Iz) 


c 1 2 — U4 — Mn i — uy 


"7 1 n /">\ 

-71.9 (2) 


Mnz — U4 — Mn 1 — (jy 


in ii /ii\ 
123. 1 i (12) 


1 /^1 a j„ 1 r^/i 

CI — Ul — Mnl — U4 


1 A / 1 r\\ 

-2.9 (10) 


CI— Ol— Mnl— 08 


164.2 (3) 


CI— Ol— Mnl— Nl 


-13.6(3) 


CI— Ol— Mnl— 06 


-106.8(3) 


CI— Ol— Mnl— 09 


78.0 (3) 


CI 5— 08— Mnl— 04 


-15.7(3) 
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Ol— Cl— C6— C7 -3.9(5) 

C2— CI— C6— C7 175.9 (3) 

C5— C6— C7— Nl 171.7(3) 

Cl— C6— C7— Nl -4.5 (5) 

N 1— C9— C 1 0— 03 5 1 .4 (4) 

C12— C9— CIO— 03 -65.0 (3) 

Cll— C9— CIO— 03 173.0 (3) 

Nl— C9— Cll— 02 54.4(4) 

C12— C9— Cll— 02 167.1 (3) 

C 1 0— C9— C 1 1 — 02 -70 . 3 (4) 

Nl— C9— C12— 04 42.2(3) 

CIO— C9— C12— 04 164.4 (3) 

Cll— C9— C12— 04 -73.1 (3) 

C6— C7— Nl— C9 -177.5 (3) 

C6— C7— Nl— Mnl 1.9(4) 

C12— C9— Nl— C7 152.4 (3) 

CIO— C9— Nl— C7 32.1 (4) 

Cll— C9— Nl— C7 -91.0(3) 

C12— C9— Nl— Mnl -27.1 (3) 

CIO— C9— Nl— Mnl -147.4 (2) 

Cll— C9— Nl— Mnl 89.5(3) 

C2— Cl— Ol— Mnl -164.9(2) 

C6— Cl— Ol— Mnl 14.9(4) 

C9— C12— 04— Mnl -41.2(3) 

C9— C12— 04— Mn2 122.8(2) 

06— C13— 05— Mn2 -9.9(6) 
C14— C13— 05— Mn2 169.9(3) 
05— C13— 06— Mnl 3.4(5) 
C14— C13— 06— Mnl -176.4(3) 
08— C15— 07— Mn2 -15.7(5) 
C16— C15— 07— Mn2 163.0(2) 

07— C15— 08— Mnl 3.5 (5) 
C16— C15— 08— Mnl -175.3 (2) 
C12— 04— Mnl— Ol 9.0 (9) 
Mn2— 04— Mnl— Ol -155.3 (8) 
C12— 04— Mnl— 08 -157.9 (2) 
Mn2— 04— Mnl— 08 37.79 (13) 
C12— 04— Mnl— Nl 19.8 (2) 
Mn2— 04— Mnl— Nl -144.53 (13) 
C12— 04— Mnl— 06 112.8(2) 
Symmetry codes: (i) -x+\, -y+2, -z+2. 



C15— 08— Mnl— Ol 
C15— 08— Mnl— Nl 
C15— 08— Mnl— 06 
C15— 08— Mnl— 09 
C7— Nl— Mnl— 04 
C9— Nl— Mnl— 04 
C7— Nl— Mnl— Ol 
C9— Nl— Mnl— Ol 
C7— Nl— Mnl— 08 
C9— Nl— Mnl— 08 
C7— Nl— Mnl— 06 
C9— Nl— Mnl— 06 
C7— Nl— Mnl— 09 
C9— Nl— Mnl— 09 
C13— 06— Mnl— 04 
C13— 06— Mnl— Ol 
C13— 06— Mnl— 08 
C13— 06— Mnl— Nl 
C13— 06— Mnl— 09 

C12— 04— Mn2— 04' 

Mnl— 04— Mn2— 04' 

C12— 04— Mn2— 07' 

Mnl— 04— Mn2— 07' 
C12— 04— Mn2— 07 
Mnl— 04— Mn2— 07 
C12— 04— Mn2— 05 
Mnl— 04— Mn2— 05 
C12— 04— Mn2— 05' 
Mnl— 04— Mn2— 05' 

C15— 07— Mn2— 04' 
C15— 07— Mn2— 04 

C15— 07— Mn2— 07' 
C15— 07— Mn2— 05 

C15— 07— Mn2— 05' 
C13— 05— Mn2— 04' 
C13— 05— Mn2— 04 

C13— 05— Mn2— 07' 
C13— 05— Mn2— 07 
C13— 05— Mn2— 05' 



165.8 (3) 
-158.1 (13) 
76.5 (3) 
-103.6(3) 
-173.7(3) 
5.8 (2) 
5.1 (3) 
-175.4(2) 
-30.9 (16) 

148.6 (14) 

94.4 (3) 
-86.1 (2) 
-85.3 (3) 
94.2 (2) 
26.9 (3) 
-159.5 (3) 
-73.4 (3) 

109.7 (3) 
-74.0(11) 
150 (48) 
-47 (48) 
-23.4 (2) 
139.47 (13) 

156.6 (2) 
-40.53 (13) 
-113.9 (2) 
48.97 (13) 
66.1 (2) 
-131.03 (13) 
-148.5 (3) 

31.5 (3) 
112(100) 
-59.7 (3) 
120.3 (3) 

166.7 (3) 
-13.3 (3) 
-104.3 (3) 
75.7 (3) 
30(100) 



Hydrogen-bond geometry (A, °) 

D—H-A 

09— H9A- --010" 



D — H 
0.85 (1) 



H—A 
1.97(1) 



D-A 
2.806 (4) 



D—H-A 
167 (3) 
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09— H9B-08 111 0.85 (1) 

09— H9B-01 m 0.85 (1) 

010— H10C -05 iv 0.85 (1) 
010— H10D-N2 V 0.85 (1) 

02— H2-03 vi 0.82 

03— H3-06™ 0.82 



Symmetry codes: (ii) x, y+ 1, z; (iii) -x, -y+2, -z+2; (iv) -x+1, -j 
-z+3/2. 



2.23 (3) 3.008 (3) 153 (5) 

2.61 (3) 3.322 (3) 142 (5) 

2.06 (1) 2.907 (4) 176 (5) 

2.07 (1) 2.914 (6) 174 (6) 
2.55 3.362 (5) 172. 
2.00 2.777 (3) 159. 



, -z+2; (v) x, -j+3/2, z+1/2; (vi) -x, y~V2, -z+3/2; (vii) -x, y+l/2, 
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